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(57) ABSTRACT

It 1s an object of the present invention to implement a display
providing high optical efficiency irrespective of the size of
a light valve, and capable of enhancing the uniformity of the
luminance of an image to be projected. In order to attain the
foregoing object, for example, as shown 1 FIG. 1, a light
valve 103 of a projector 1s located roughly at the focus point
of an illumination lens 102. Further, as shown 1 FIG. 2, a
light source 101 1s also located roughly at the focus point of
the 1llumination lens 102. Consequently, it 1s possible to
implement a miniaturized projector.

23 Claims, 7 Drawing Sheets
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1
PICTURE DISPLAY DEVICE

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to a picture display using an
area light source such as a light-emitting diode array. More
particularly, 1t relates to a picture display suitable for a
stereoscopic display which makes it possible to watch
three-dimensional 1images using binocular disparity by per-
forming projection on the same screen by using a left and
right pair of projectors without using special glasses.

(2) Description of the Prior Art

In general, a device configuration whereby a light valve 1s
illuminated, and a modulated 1mage signal 1s projected
through a projection lens onto a screen 1s referred to as a
projector. A device including this projector and a screen 1s
referred to as a picture display.

A picture display using an area light source such as a
light-emitting diode array i1s disclosed in the art, for
example, Japanese Laid-Open Patent Publication No. 2000-
56410. The projector herein shown 1s so configured that a
luminous flux emitted from an area light source 1lluminates
an light valve such as an LCD, and a modulated image signal
1s projected through a projection lens onto a screen. Further,
with this picture display, the light beams emitted from red,
oreen, and blue three color light sources are subjected to
color recombination on a screen, thereby to perform color
display by a single light valve, resulting 1n a lower cost.

With the prior-art picture display, a collimated luminous
flux 1s emitted form each area light source. Therefore, when
the areca light source does not match in size with the light
valve, 1.e., when the luminous flux 1s smaller than the area
of the light valve, there occur non-1lluminated portions in the
light valve to cause a picture defect. In contrast, when the
luminous flux 1s larger than the area of the light valve, there
occurs an 1neffective luminous flux not incident upon the
light valve, resulting in a reduced optical efficiency.

Further, with the prior art described above, the luminance
uniformity of each area light source nearly matches with the
luminous flux which i1lluminates the light wvalve.
Accordingly, there has occurred the following problem.
Namely, 1f light emissions from respective area light sources
are not uniform, the light valve 1s unevenly i1lluminated. As
a result, a lack of luminance uniformity occurs in a projected
image. Further, the area light source itself 1s required to have
a more higher mechanics in order to achieve the evenness of
the luminance uniformity of the area light source.

SUMMARY OF THE INVENTION

In view of the foregoing circumstances, it 1s therefore an
object of the present invention to enhance the optical effi-
ciency regardless of the size of a light valve, and enhance the
uniformity of the luminance of a projected 1mage 1n a
display using an area light source.

The present 1nventors have conducted various experi-
ments and studies to attain the foregoing object. As a resullt,
they have obtained the following unexpected finding. In
ogeneral, this type of display 1s made up of a projector, and
a screen for displaying a projected image projected from the
projector. In the projector, an illumination lens 1s disposed
between a light source and a light valve. In such a
conilguration, if the light valve 1s at least positioned roughly
at the focus point of the illumination lens, extremely favor-
able results are obtained with respect to both the optical
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efficiency and the uniformity of the luminance of an 1image
projected onto the screen.

Further, they have also obtained the following important
finding. Namely, 1f the light source i1s also located at a
position 1 a symmetrical relation to the light valve with
respect to the 1llumination lens centrally interposed
therebetween, and roughly at the focus point of the 1llumi-
nation lens, further more favorable results can be obtained.

The present invention has been completed based on such
important findings. Below, the features of the display 1n
accordance with the present invention will be described.

A display 1 accordance with a first aspect of the present
invention in order to attain the foregoing object, comprises:
a projector including a light source extending at least
one-dimensionally or two-dimensionally, an 1llumination
lens through which a luminous flux emitted from the light
source passes, a light valve for modulating the luminous flux
passed through the illumination lens, and a projection lens
for projecting the luminous flux modulated at the light valve;
and a screen for displaying a projected 1image projected by
the projection lens of the projector, and it 1s characterized 1n
that the light valve of the projector 1s located roughly at a
focus point 1 of the i1llumination lens.

A display 1n accordance with a second aspect of the
present 1nvention in order to attain the foregoing object, 1s
characterized in that the light source 1s located roughly at the
opposite focus point of the illumination lens from the focus
point on which the light valve 1s located.

A stereoscopic display 1n accordance with a third aspect
of the present 1nvention 1n order to attain the foregoing
object, comprises: a left and right pair of projectors each
including a light source extending at least one-dimensionally
or two-dimensionally, an i1llumination lens through which a
luminous flux emitted from the light source passes, a light
valve for modulating the luminous flux passed through the
illumination lens, and a projection lens for projecting the
luminous flux modulated at the light valve; and a screen for
displaying respective projected 1mages projected by the
projection lenses of the pair of the projectors on the same
panel, and 1t 1s characterized 1n that the light valve of each
of the projectors 1s located roughly at a focus point 1 of the
illumination lens.

As described above, the light valve, and further the light
source are respectively positioned roughly at the focus
points T of the 1llumination lens. This 1s attributable to the
following fact. Namely, 1f the deviation from the focus point
f 1s within about £25% range, although a little difference
occurs 1n terms of 1ts effects, the shift does not matter 1n
terms of practicality, and 1s acceptable.

Further, in the case where the area of the light source 1s
large, satisfying the relationship of the following expression

(7):

W1.2f/Fn (7)

where Fn denotes the F-number of the projection lens, f
denotes the focal length of the illumination lens, and W
denotes the diameter of the light source, the light source can
be positioned at a distance 1n the range of from zero to 3.5

times the focal length f of the i1llumination lens away from
the 1llumination lens.

In the case where the area of the light source 1s small,
satisfying the relationship of the following expression (8):

(8)

the light source can be positioned at a distance of the focal
length f of the 1llumination lens with a deviation within the
-40% to +80% range away from the illumination lens.

W<1.2f/Fn
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram for showing the configu-
ration of an optical system of a projector of the present
mvention;

FIG. 2 1s a schematic diagram for showing the configu-
ration of an optical system of a projector of the present
mvention;

FIG. 3 1s a schematic diagram for showing the configu-
ration of an optical system of a projector of the present
mvention;

FIG. 4 1s a schematic diagram for showing the configu-
ration of an optical system of a projector of the present
mvention;

FIG. 5 1s a schematic diagram for showing the configu-
ration of an optical system of a projector of the present
mvention;

FIG. 6 1s a schematic diagram for showing a light source
to be used for the projector of the present mnvention;

FIG. 7 1s a schematic diagram for showing a light source
to be used for the projector of the present mnvention;

FIG. 8 1s a schematic diagram for showing a light source
to be used for the projector of the present invention;

FIG. 9 1s a schematic diagram for showing a light source
to be used for the projector of the present invention;

FIG. 10 1s a schematic diagram (top view) for showing the
coniiguration of a display of the present invention;

FIG. 11 1s a schematic diagram for showing the structure
of a directional reflection screen to be used for the display
of the present invention;

FIG. 12 is a schematic diagram (top view) for showing the
confliguration of a display of the present invention;

FIG. 13 1s a diagram for illustrating the radiation angle
anisotropy of a light-emitting diode element;

FIG. 14 1s a schematic diagram for showing a light-
emitting diode array light source to be used for the projector
of the present invention;

FIG. 15 1s a graph showing the relationship between the
lumen output and the light valve position 1n the projector of
the present invention;

FIG. 16 1s a graph showing the relationship between the
lumen output and the light source position 1n the projector of
the present mvention; and

FIG. 17 1s a graph showing the relationship between the
lumen output and the light source position in the projector of
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Below, the general outline of the present invention will be
described by reference to drawings. FIGS. 1 to 5 show
optical systems of respective projectors 100 having mutually
different configurations; FIGS. 6 to 9 show light sources 101
having mutually different configurations; FIG. 10 shows a
display 150; and FIG. 11 shows a schematic diagram of a
screen constituting the display 150.

FIG. 1 shows one example of an optical system of the
projector 100 constituting the display 150 of the present
invention. The display of the present invention 1s so con-
figured that a screen not shown 1s provided at a position
opposed to a projection lens of the projector 100.

As shown 1n FIG. 1, the projector constituting the display
of the present invention 1s made up of a light source 101, an
illumination lens 102 through which a luminous flux ematted
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4

from the light source 101 passes, a light valve 103 for
modulating the luminous flux passed through the 1llumina-
tion lens 102, and a projection lens 104 for projecting the
luminous flux modulated by the light valve 103.

Herein, the light source 101 1s an arca light source of
which the light-emitting surface extends one-dimensionally
or two-dimensionally. Further, the light valve 103 1s located
on the focus point of the 1llumination lens 102. Therefore, all
the luminous fluxes emitted from respective points of the
arca light source 101 pass through the light valve 103 for
cfficient 1llumination.

In the projector, the whole surface of the light valve 1s
required to be 1lluminated for preventing an 1image defect
from occurring 1n a projected 1mage. For this reason, 1n the
projector of the present invention, the luminous flux emitted
from each point of the area light source 101 1s required to be
extended. The extent of the luminous flux from each point,
1.€., angle of radiation o may be large enough to 1lluminate
the whole surface of the light valve 103.

Therefor, o may satisty the relationship of the following,
eXpression:

aZarc tan(d/2f) (1)

where d represents the width of the light valve 103, and f
represents the focal length of the illumination lens 102.
Herein, 1in order for the light valve to be 1lluminated most
cfiiciently, the relationship of the following expression may
be satisfied:

a=arc tan(d/2f) (2)

In general, the light valve has the shape of rectangle, and
the width 1n the horizontal direction is different from the
width 1n the vertical direction. Thus, 1t 1s more preferable
that the angles of radiation are also independently set for the
horizontal and vertical directions. In this case, the relation-
ship of the following expression may be satisfied:

o Zarc tan(dH/2f) (3)

where dH represents the horizontal width of the light valve,
and aH represents the angle of radiation 1n the horizontal
direction at each point of the light source.

Further, the relationship of the following expression may
be satisfied:

aVZarc tan(dV/2f) (4)

where dV represents the vertical width of the light valve, and
a.V represents the angle of radiation 1n the vertical direction
at each point of the light source.

Herein, 1n order for the light valve to be 1lluminated most
ciiciently, the relationships of the following expressions
may be satisfied:

aH=arc tan(dH/2f) (5)

(6)

In general, the 1rradiated area 1s designed to be larger than
the light valve by about 10% allowing for a manufacturing
crror. In this case, 1t 1s needless to say that the width d, the
horizontal width dH, and the vertical width dV of the light
valve in the expressions (2) to (6) may be replaced with the
width, the horizontal width, and the vertical width of the
irradiated surface which has allowed for a manufacturing
eITOT.

Whereas, for the position of the light source 103, as
shown 1 FIG. 1, if 1t 1s close to the 1llumination lens 102,

aV=arc tan(dV/2f)
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the luminous fluxes emitted from respective points on the
light source 103 extend, so that there occur some luminous
fluxes not entering the projection lens 104. On the other
hand, 1f 1t 1s distant from the illumination lens 102, the
luminous fluxes converge, so that the number of luminous
fluxes not entering the projection lens 104 1s reduced, but the
device 1s 1ncreased 1n size.

Therefore, as shown in the optical system of FIG. 2, the
light source 101 1s preferably located at the opposite focus
point of the 1llumination lens 102 from the focus point on
which the light valve 103 1s located.

The light valve 103 may be a transmissive light valve such
as a transmissive LCD as shown in FIGS. 1 and 2.
Alternatively, 1t may also be a reflective light valve such as
a digital micromirror device, or a reflective LCD using a
polarizing beam splitter 105 as shown 1n an optical system
of FIG. 3.

For color display, the light source 101 1s required to have
red, green, and blue three color light-emitting portions.
However, as shown 1n FIGS. 1, 2, and 3, such portions may
also be integrated 1n one area light source. Alternatively, as
shown 1n FIGS. 4 and 5, the light source 101 may be divided
into three parts of a red light source 101R, a green light
source 101G, and a blue light source 101B. Incidentally, in
FIGS. 4 and 5, a reference numeral 106 denotes a dichroic
Cross prism.

These light sources usable may be small light sources
cach having a small light-emitting area such as light-
emitting diodes (LED) 110 integrated in an array as shown
in FIG. 6, or the extended light sources such as a fluorescent
lamp 120 as shown 1n FIG. 7, and the like.

Further, the light source which can be substantially
regarded as an area light source even 1f 1t 1s not a surface-like
light source 1n actuality 1s also applicable. Examples thereot
include a diffusion surface 112 when luminous fluxes emit-
ted from a light source such as a light-emitting diode are
made 1ncident upon a diffuser 111 made up of a transparent
substrate including a micro-lens array or a diffusion material
therein as shown 1 FIG. 8, and an aperture 114 of an
integrator 113 made up of a reflector 1n the form of cylinder
or prism as shown in FIG. 9.

In order to further reduce the lack of luminance unifor-
mity of a projected 1image by the projector 100, the light
valve 15 required to be uniformly illuminated. For this
reason, 1n the projector of the present invention, the radia-
tfion angle distributions of respective points of a light source
are required to be made uniform. Herein, when light-
emitting diodes are arranged 1n an array to be used as a light
source, the uniformity of the image 1s determined by the
radiation distribution of each light-emitting diode element.

In general, the radiation angle distribution of a light-
emitting diode has an anisotropy. When the light-emitting
diode 1s caused to emit light, the radiation distribution differs
between the X direction and the Y direction of FIG. 13,
causing the lack of luminance uniformity of the projected
image. In order to reduce the lack, the light-emitting diodes
110 constituting the light source, specifically, direction of
the anodes and the cathodes in the array light source surface
may be arranged so that at least two or more directions
thereof are mutually different. For example, it 1s preferable
that respective light-emitting diodes are integrated so as to
be 1n two directions orthogonal to each other as shown in
FIG. 14.

By using each of the projectors described above in
combination with a reflective or transmissive screen, it 1S
possible to form a front projection type or back projection
type of display 150. For example, for the front projection
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6

type of a display, the projector may be used 1n combination
with a reflective screen as shown in FIG. 10.

Herein, for example, 1f a directional reflection screen
made up of a corner reflector 141 and an anisotropic
diffusion mean 142 having different diffusion angles
between the horizontal direction and the vertical direction 1s
used as the screen 140 as shown 1n FIG. 11, 1t 1s possible to
obtain a display whereby a high-luminance image 1s view-
able within a restricted range.

Herein, the anisotropic diffusion mean 142 may be inte-
orated with the corner reflector 1n one body so that wider
diffusion occurs 1n a direction parallel to the ridgeline of the
corner reflector than 1 the vertical direction. Further, the
anisotropic diffusion mean 142 may also be a lenticular as
shown 1n FIG. 11. Alternatively, any of a micro-lens array,
a holographic optical element, or the like 1s also usable.

Further, by using such a directional reflection screen 140
in combination with two projectors 100R and 100L respec-
fively for the right eye and the left eye, and projecting
images causing binocular disparity from respective
projectors, 1t 1s possible to obtain a stereoscopic display 150
as shown 1n FIG. 12. It 1s noted that a reference numeral 16(
denotes a viewer.

EXAMPLE 1

One example of the present invention will be described by
reference to FIG. 1 showing an optical system of a projector
100. An illumination lens 102 having a focal length =40
mm, and a diameter of 60 mm was used, and a light valve
103 was located at a position of the front focal length =40
mm. Herein, a liquid crystal panel having a diagonal size of
12 mm was used as the light valve.

Further, a light-emitting diode array light source 101 was
located at a position 80 mm behind the 1llumination lens
102. The light-emitting diode array light source was so
configured that light-emitting diode elements 110 were
closely arranged within the circumierence of a circle having
a diameter of 40 mm as shown by a dotted line of FIG. 14.
In the 1lluminating optical system of this example, the light
valve 103 1s largely different 1n size from the light-emaitting
diode array light source 101 as described above. However,
it 1s 1lluminated efficiently by the action of the 1llumination
lens 102, and further used in combination with a projection
lens 104 having an F-number of 2 to obtain a high optical-
eficiency projector 100.

EXAMPLE 2

Another example of the present invention will be
described by reference to FIG. 2. An i1llumination lens 102
having a focal length =40 mm, and a diameter of 40 mm
was used, and a light valve 103 made up of a liquid crystal
panel having a diagonal size of 12 mm was located at a
position of the front focal length =40 mm. Further, a
light-emitting diode array light source 101 1n which light-
emitting diode elements were arranged within the circum-
ference of a circle having a diameter of 20 mm was located
at a position of the back focal length =40 mm of the
illumination lens 102. Herein, by locating the light-emitting
diode array light source at the focus point, 1t 1s possible to
achieve more efficient 1llumination. Further, 1t 1s possible to
shorten the length in the direction of the optical axis, and
also reduce the diameters of the light source and the 1llu-
mination lens as compared with Example 1. Further, a
projection lens 104 having an F-number of 2 1s used in
combination therewith to obtain a high optical-efficiency
and compact projector.




US 6,705,730 B2

7
EXAMPLE 3

In the present mvention, a description will be given to the
lumen output of the projector 100 when the distances of the
light valve 103 and the light source 101 from the 1llumina-
tion lens 102 have been changed 1n the foregoing examples.

First, the experimental results when the position of the
light valve 103 has been changed are shown 1n FIG. 15. FIG.
15 indicates as follows. Namely, the maximum lumen output
1s observed when the light valve 103 1s located at a distance
of the focal length f from the illumination lens 102. If 1t 1s
located at this point with a deviation within £25% from the
focal length 1, a practically large effect can be obtained.

Then, for the case where the position of the light source
101 has been changed, a description will be separately given
to the case where the area of the light source 1s large as
shown 1n Example 1 and the case where the area of the light
source 1s small as shown 1in Example 2.

First, FIG. 16 shows the experimental results when the
position of the light source 101 has been changed for the
large light source area. In this case, FIG. 16 indicates that a
large lumen output 1s obtained when the distance between
the light source 101 and the illumination lens 102 falls
within a range of from zero to 3.5 times the focal length f.

On the other hand, FIG. 17 shows the experimental results
when the position of the light source 101 has been changed
for the small light source area resulting from downsizing of
the projector. In this case, FIG. 17 indicates as follows.
Namely, the maximum lumen output 1s obtained when the
light source 101 1s located at a distance 1n the vicinity of the
focal length 1 from the 1llumination lens 102. If 1t 1s located
there with a deviation 1n the range of —40% to +80% from
the focal length 1, a practically large effect can be obtained.

Herein, whether the area of the light source 1s large or
small 1s determined by the F-number Fn of the projection
lens 104 and the focal length f of the 1llumination lens 102.
The case where the diameter W of the light source satisiies
the following expression (7):

W>1.2f/Fn (7)

corresponds to the large-area light source case. The case
where the diameter W satisfies the following expression (8):

W=1.2f/Fn (8)

corresponds to the small-area light source case.

EXAMPLE 4

A display 150 of the present invention will be described
by reference to FIG. 12. The projectors 100 described in
Example 2 were used as a projector for the right eye 100R
and a projector for the left eye 100L. Both the projectors
100R and 100L were respectively located in the left and
right directions from a viewer 160 at a binocular distance of
about 65 mm. Then, projection was carried out on a direc-
tional reflection screen 140 having a screen size of 20
inches, and located 700 mm ahead of the projectors.

Herein, a pair of images which are combined to induce the
three-dimensional effect are projected from both the projec-
tors 100R and 100L, respectively. The directional reflection
screen 140 1s made up of the corner reflector 141 and the
anisotropic diffusion mean 142 as shown in FIG. 11. The
corner reflector 1s so configured that the angle formed
between adjacent mirrors 15 90 degrees. Accordingly, the
rays of light incident thereupon are reflected 1n the direction
of incidence for the horizontal direction.

10

15

20

25

30

35

40

45

50

55

60

65

3

Therefore, for the horizontal direction, the rays of light
are collected at the light projected positions of respective
projectors. Thus, projected 1mages from respective projec-
tors are respectively viewed with the left and right eyes of
a viewer 1mmediately above or immediately under the
projectors arranged at the binocular distance as described
above. Consequently, a three-dimensional image can be
viewed without wearing special glasses. The anisotropic
diffusion mean 142 1s made up of a lenticular. It diffuses rays
of light largely only 1n the vertical direction, and thereby
expand the viewable range 1n the vertical direction while
keeping the directionality 1n the horizontal direction
described above.

Thus, with the display 150 of the present invention, the
viewling position 1s 1n the vicinity of the projector. For this

reason, the projector of the present invention 1s very suitable
because the projector 100 can be reduced 1n size.

As described 1n details above, according to the present
invention, 1t was possible to attain the intended purpose of
implementing a display providing high optical efficiency
regardless of the size of the light valve, and capable of
enhancing the uniformity of the luminance of the projected
1mage.

What 1s claimed 1s:

1. A display comprising:

a projector including a light source extending at least

one-dimensionally or two-dimensionally, an 1llumina-
tion lens through which a luminous 1nput flux emitted
from the light source passes, a light valve for modu-
lating the luminous input flux passed through the
illumination lens, and a projection lens for projecting
the luminous mput flux modulated at the light valve;

and

a screen for displaying a projected image projected by the
projection lens of the projector,

wherein the light valve 1s positioned between the 1llumi-
nation lens and a focus point of the 1llumination lens

deviation range of +25% away from the focus point,
and

wherein 1n the case where the area of the light source 1s
large, satisfying the relationship of the following
expression (7):

W>1.2f/Fn (7)

where Fn denotes the F-number of the projection lens, £

denotes the focal length of the 1llumination lens, and W

denotes the diameter of the light source, the light source

1s posifioned at a distance in the range of from zero to

3.5 times the focal length f of the illumination lens
away from the 1llumination lens.

2. The display according to claim 1, wherein the light
source comprises light-emitting diodes arranged 1n a one-
dimensional or two-dimensional array.

3. The display according to claim 1, wherein the screen 1s
formed to diffuse reflection thereon.

4. A display comprising;:

a projector 1ncluding a light source extending at least

one-dimensionally or two-dimensionally, an 1llumina-
tion lens through which a luminous input flux emitted
from the light source passes, a light valve for modu-
lating the luminous mput flux passed through the
illumination lens, and a projection lens for projecting
the luminous mput flux modulated at the light valve;
and

a screen for displaying a projected 1image projected by the
projection lens of the projector,
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wherein the light valve 1s positioned between the 1llumi-
nation lens and a focus point of the illumination lens
with a deviation range of +25% away from the focus
point, and

wherein 1n the case where the area of the light source 1s
small, satisfying the relationship of the following

expression (8):

W<1.2f/Fn (8)
where Fn denotes the F-number of the projection lens,
denotes the focal length of the 1llumination lens, and W
denotes the diameter of the light source, the light source
1s positioned at a distance of the focal length C of the
illumination lens with a deviation 1n the range of from
-40% to +80% away from the 1llumination lens.

5. The display according to claim 4, wherein the light
source comprises light-emitting diodes arranged 1 a one-
dimensional or two-dimensional array.

6. The display according to claim 4, wherein the screen 1s
formed to diffuse reflection thereon.

7. A display comprising;:

a projector mncluding a light source extending at least

one-dimensionally or two-dimensionally, an 1llumina-
tion lens through which a luminous input flux emaitted
from the light source passes, a light valve for modu-
lating the luminous input flux passed through the
illumination lens, and a projection lens for projecting

the luminous mput flux modulated at the light valve;
and

a screen for displaying a projected image projected by the
projection lens of the projector,

wherein the light valve 1s positioned between the 1llumi-
nation lens and a focus point of the illumination lens
with a deviation range of £25% away from the focus

point,

wherein the light source i1s positioned away from the
illumination lens at a distance in the range of 0-3.5
times of a focal length of the i1llumination lens at the
opposite side to the focus point on which the light valve
1s located, and

wherein the following expression 1s satisfied:

aHZ arctan (dH/2f,

where dH denotes the horizontal width of the light valve,
I denotes the focal length of the illumination lens, and
cH denotes the angle of radiation in the horizontal
direction at each point of the light source.

8. The display according to claim 7, wheremn the light
source comprises light-emitting diodes arranged 1in a one-
dimensional or two-dimensional array.

9. The display according to claim 7, wherein the screen 1s

formed to diffuse reflection thereon.

10. A display comprising:

a projector including a light source extending at least

one-dimensionally or two-dimensionally, an 1llumina-

tion lens through which a luminous input flux emaitted
from the light source passes, a light valve for modu-
lating the luminous input flux passed through the
illumination lens, and a projection lens for projecting
the luminous mput flux modulated at the light valve;
and

a screen for displaying a projected 1image projected by the
projection lens of the projector,

wherein the light valve 1s positioned between the 1llumi-
nation lens and a focus point of the illumination lens
with a deviation range of +25% away from the focus
point,
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wheremn the light source 1s positioned away from the
illumination lens at a distance in the range of 0-3.5
times of a focal length of the i1llumination lens at the
opposite side to the focus point on which the light valve
1s located, and

wherein the following expression 1s satisiied:

aVZarctan (dV/2f),

where dV denotes the vertical width of the light valve, £
denotes the focal length of the illumination lens, and
.V denotes the angle of radiation 1n the vertical direc-
tion at each point of the light source.

11. The display according to claim 10, wherein the light
source comprises light-emitting diodes arranged 1n a one-
dimensional or two-dimensional array.

12. The display according to claim 10, wherein the screen
1s formed to diffuse retlection thereon.

13. A stercoscopic display comprising;:

a left and right pair of projectors each including a light
source extending at least one-dimensionally or two-
dimensionally, an illumination lens through which a
luminous mput flux emitted from the light source
passes, a light valve for modulating the luminous input
flux passed through the illumination lens, and a pro-
jection lens for projecting the luminous input flux
modulated at the light valve; and

a screen for displaying respective projected images pro-
jected by the projection lenses of the pair of the
projectors on the same panel,

wherein the light valve 1s positioned between the 1llumi-
nation lens and a focus point of the 1llumination lens
with a deviation range of +25% away from the focus
point, and

wherein 1n the case where the area of the light source 1s
large, satisfying the relationship of the following
expression (7):

W1.2f/Fn (7)

where Fn denotes the F-number of the projection lens, £
denotes the focal length of the 1llumination lens, and W
denotes the diameter of the light source, the light source
1s positioned at a distance in the range of from zero to
3.5 times the focal length f of the illumination lens
away from the illumination lens.

14. The display according to claim 13, wherein the light
source comprises an array of light-emitting diodes arranged
at least in two or more different directions 1n combination.

15. The display according to claim 14, wherein the screen
comprises a corner reflector, and an anisotropic diffusion
means for causing wider diffusion m a direction parallel to
a ridgeline of the corner retflector than 1n a vertical direction.

16. A display comprising the projector according to claim
13, wherein the screen 1s formed to diffuse reflection
thereon.

17. The display according to claim 16, wherein the screen
comprises a corner reflector, and an anisotropic diffusion
means for causing wider diffusion 1 a direction parallel to
a ridgeline of the corner retflector than 1n a vertical direction.
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18. A stercoscopic display comprising;

a left and right pair of projectors each including a light
source extending at least one-dimensionally or two
dimensionally, an illumination lens through which a
luminous input flux emitted from the light source
passes, a light valve for modulating the luminous 1nput

flux passed through the illumination lens, and a pro-

jection lens for projecting the luminous input fux
modulated at the light valve; and

a screen for displaying respective projected 1mages pro-
jected by the projection lenses of the pair of the
projectors on the same panel,

wherein the light valve 1s positioned between the 1llumi-
nation lens and a focus point of the illumination lens
with a deviation range of +25% away from the focus
point, and

wherein 1n the case where the area of the light source 1s

small, satisfying the relationship of the following
expression (8):

W<1.2f/Fn (8)

where Fn denotes the F-number of the projection lens, £
denotes the focal length of the 1llumination lens, and W
denotes the diameter of the light source, the light source
1s positioned at a distance of the focal length T of the
illumination lens with a deviation 1n the range of from
-40% to 80% away from the i1llumination lens.

19. The display according to claim 18, where the light

source comprises an array of light-emitting diodes arranged

at least 1n two or more different directions 1n
20. The display comprising the projector

combination.
according to
use reflection

claim 18, wherein the screen 1s formed to dif
thereon.

10

15

20

25

30

12

21. A stereoscopic display comprising;

a left and right pair of projectors each including a light
source extending at least one-dimensionally or two-
dimensionally, an illumination lens through which a
luminous mput flux emitted from the light source
passes, a light valve for modulating the luminous input

flux passed through the illumination lens, and a pro-

jection lens for projecting the luminous input flux
modulated at the light valve; and

a screen for displaying respective projected 1mages pro-
jected by the projection lenses of the pair of the
projectors on the same panel,

wherein the light valve 1s positioned between the 1llumi-
nation lens and a focus point of the illumination lens
with a deviation range of +25% away from the focus
point, and

wherein the following expression 1s satisiied:

aZV arctan (dV/2t),

where dV denotes the vertical width of the light valve, 1

C

C

enotes the focal length of the 1llumination lens, and oV
enotes the angle of radiation 1n the vertical direction at each

point of the light source.

22. The display according to claim 21, wherein the light

source comprises and array of light-emitting diodes arranged
at least 1n two or more different directions 1n combination.

23. The display comprising the projector according to

claim 21, wherein the screen 1s formed to diffuse reflection
thereon.
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